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Outline

* GNSS Interferometric Reflectometry (GNSS-IR)

* Prototype system and challenges for globalization

* Automated evaluator of candidate site characteristics
* Automated site submission portal

* Framework for process management

* Architecture to enable cloud operations



Why use ground GPS to estimate

hydrologic varia

1. Snow Depth and SWE
2. Soil moisture
3. Vegetation Water Content
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GPS signals from
multiple satellites

Geodetic processing measures the distance between the GPS
_ satellites and the antenna (under gray dome) to estimate the
; posmon of the GPS statlon (XYZ or. Iat lon, helght) ,

© Photo courtesy UNAVCO
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the reflections off bare soil produce this
SNR curve

add a snow |3Yef' N\/

Larson et al., 2008 (GRL) ; Larson et al., 2009 (GRL); Larson and Small, 2014 (JSTARS)
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International Soil Moisture Network

bl GNSS i The PBO-H,0 prototype was purpose-built

PBO H20 pilot project for the largely homogenous PBO network,
but there are many more subnetworks
available.



Station Evaluator — site characteristics

Software searches online

h uman reada ble report or 0. Local area map and aerial image (not same scale)
’ Ravenna
machine-readable JSON .
output. W e Given a location...
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Station Evaluator — site characteristics

1. Evaluation of buildings and roads in +/- 50m square
found way: per OpenStreetMap

sac_scale hiking

name Castle Canyon Trail

highway path
Range: 23 - 242 meters

Bearings: ['68', '99', '124', '134-135', '141', '143', '147', '149-150', '166', '171', '173', '183',
Quadrants: ['1l', '3', '4']

found way:
nignway uwrdck
Range: 27 - 220 meters
Bearings: ['68', '116', '124', '126', '132', '135-136', '138']
Quadrants: ['1', '4']

found way:
building yes
name Inspiration Point Paviillion
Range: 17 - 23 meters
Bearings: ['13', '15', '33-34', '47-48', '67-68'
Quadrants: ['1']

... hearby buildings and
roads per OpenStreetMap...

found way:

building yes

name Inspiration Point Picnic Paviillion
Range: 23 - 31 meters

Bearings: ['4', '10', '1l6', '358'
Quadrants: ['1l', '2']

found way:

sac_scale hiking

name Fire Road

highway track
Range: 27 - 230 meters
Bearings: ['2', '4', '6', '11', '16', '25', '39', '68', '336-338', '342', '346-347', '349', '354']
Quadrants: ['1', '2']
found way:
Range: 38 - 230 meters
Bearings: ['47', '129', '346'
Quadrants: ['1l', '2', '4']

Location: United States of America; California; Los Angeles County;

2. Evaluation of Landcover per MODIS MCD12Q1

8: Woody Savannas

Landcover types within 1km square:

... landcover types
per MODIS ...

7: Open shrublands
8: Woody Savannas
9: Savannas

12: Croplands




Station Evaluator — site characteristics

Station Evaluator is available
for licensing from JPL/Caltech.

3. Evaluation of DEM per OpenTopography SRTM GL1 (30m)

DEM reports elevation 1366.68129022 m
87.0 meters of relief in a +/- 100m square
51.08 meters of relief in a +/- 50m square

100

" ..a DEM and amount

g ==n( of relief per SRTM and
5. o N OpenTopography ...

g eroom ... references for the

sources searched...

oo -50 0 50 100
meters /
References:

® (c) OpenStreetMap contributors. Data available under Open Database License.

® ORNL DAAC 2017. MODIS Collection 6 Land Products Global Subsetting and Visualization Tool. ORNL DAAC, Oak Ridge, Tennessee, USA. Accessed
2017-04-13. Subset obtained for MCD12Q1 product at 34.2214,-118.1095, time period 2001001-2002001, and subset size: 1X1km

® This material is based on data services provided by the OpenTopography Facility with support from the National Science Foundation under NSF Award
Numbers 1226353 & 1225810

Appendix: JSON output

{"100m_relief m": "87.0", "50m_relief m": "51.08", "elev_m": "1366.68129022", "generator": "eval characteristics.py",
"landcover": {"IGBP_type": "8.0", "name": "Woody Savannas"}, "landcover lkm": [{"IGBP type": "7", "name": "Open
shrublands"}, {"IGBP type": "8", "name": "Woody Savannas"}, {"IGBP type": "9", "name": "Savannas"}, {"IGBP type": "12",
"name": "Croplands"}], "lat": "34.221391", "location": {"2": "United States of America" "; "California", "6": "Los Angeles
County"}, "lon": "-118.109486", "name": "INSP", "objects_50m": [{"quadrants": ["1", "3", "4"], "range m": "23", "tags":
[{"sac_scale": "hiking"}, {"name": "Castle Canyon Trail"}, {"highway": "path"}1}, {"quadrants": ["1", "4"], "range m": "27",
"tags": [{"name": "One Man & Mule Trail"}, {"highway": "track"}]}, {"quadrants": ["1"], "range m": "17", "tags": [{"building":
"yes"}, {"name": "Inspiration Point Paviillion"}]}, {"quadrants": [*1", "2"], "range m": "23", "tags": [{"building": "yes"},
{"name": "Inspiration Point Picnic Paviillion"}]}, {"quadrants": ["1", "2"], "range m": "27", "tags": [{"sac_scale": "hiking"},
{"name": "Fire Road"}, {"highway": "track"}1}, {"quadrants": ["1", "2", "4"], "range_m": "38", "tags": [1}1}

T~

...and machine-readable JSON output.
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Vegetation Evaluator Test
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Evaluator recommends these, in agreement with a human
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NDVI
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Vegetation Evaluator Test
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Demonstration of site submission automation

For one or as many as
the operator would like
to enter by hand, we
accept submissions via
the portal.

Portal

Submissions are
staged in a local
database, with
information updated
from the “Evaluate
Site(s)” script.

This script
configures the data
system, downloads
historical data and
processes that
data.

\

Station Operah

For bulk
submissions, we
accept metadata in

---------- comma-separated
Bulk Metadata file format.

Evaluate

<---

GNSS Operator
I

Y

«| Configure

2

“*+-.._GNSS Operator

This script evaluates the site
location and downloads a subset of
data for further evaluation.

The operator is in the loop prior to
proceeding as a sanity check.

Portal

Site(s) 4)‘ Product Store '

The operator
reviews the
products before
making the
station official.




Demonstration of site submission automation

Macintosh HD

N( SA Jet Propulsion Laboratory
A California Institute of Technology

GNSS H,0 Data Portal (statonid @ (Keyword Q

Data Products

K Snow
!" Vegetation

O Soil Moisture

Update 2017-04-11

* The GNSS-H20 portal is q D

under development. Please
see the PBO H20 Portal
for operational data.
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Containerization strategy
Deployable on any platform (cluster, cloud, hybrid cloud, laptop...)

Code was refactored into Apache OODT, an adaptable framework for ingestion,
management, processing, and distribution of science data

| DOCKER OODT 1.0 ARCHITECTURE FOR GNSS H20 |

Workflows generated within

starts processing by a container can be any

sending T [l valid workflow which the

the RabbitMQ server one queue per workflow ‘ RabbitMQ Message
Producer will put into the

\ A associated RabbitMQ
\ \\ Server Workflow Queue
\ , RabbitMQ server |

A A

the queues, cneata

RabbitMQ consumers
PULL messages from
time. Each client

f

submits and monitors 0oDT 0OoDT
one workflow ata time. |« Workflow Manager Workflow Manager

-~ + RabbitMQ clients + RabbitMQ clients

RabbitVQ producers N ¥
send messages to the ~ -
RabbitMQ server ~
|

9

LEGEND

Docker
Container

Manager and may send
workflow message to
RabbitMQ

Manager containers have
access to shared NFS disk

_ -

- = - =
All File Manager and Workflow k e Sends archive request fo File




Summary

* GNSS-IR measures snow, soil moisture, and vegetation
fluctuations over an area ~1000 m?
* A prototype western-U.S. system is currently available
(http://gnss-h20.jpl.nasa.gov)
* Technology to enable globalizing the project has been developed
* Automated evaluator of site physical and data characteristics
* Portal for submission of candidate new sites
* OODT framework for process management
e Containerized architecture permits cloud operations

Thank you: NSF, UNAVCO, NASA



